ABSTRACT: The red-barred anthias Pseudanthias rubrizonatus is a common tropical deep reef fish species found in Australia, but little is known about its dietary preferences and trophic interactions. We examined the gut contents and stable isotope signatures (δ 13 C and δ 15 N) of P. rubrizonatus from populations on the North-West Shelf of Australia to determine differences in diet relative to site, depth and fish size. We sampled 5 fish populations from a series of sub-sea structures, from 82 to 152 m depth, which had been submerged for up to 15 yr. Gut content analysis suggested that P. rubrizonatus displays an opportunistic feeding strategy and utilises both pelagic and benthic resources, including larval fishes, heteropods, isopods and mysids. Stable isotope analyses revealed that at all depths P. rubrizonatus underwent an ontogenetic diet shift. Values for δ 13 C in muscle ranged from -19.7 ‰ for small fish to -16.2 ‰ for larger individuals, and δ 15 N ranged from 8.2 ‰ for smaller fish to 13.2 ‰ for larger fish, indicating that a diet shift occurs at the end of juvenile development between 30 and 50 mm standard length. By simultaneously analysing gut contents and stable isotope signatures of the collected specimens, we have documented opportunistic dietary strategies that may assist P. rubrizonatus to colonise isolated structures.
INTRODUCTION
Fishes may exhibit plastic dietary patterns and diet shifts for a number of reasons, such as increased competition (Ward et al. 2006) , changes in resource accessibility and availability (Garicía-Berthou & MorenoAmich 2000) and developmental changes in size (Scharf et al. 2000) and nutritional requirements (Simpson & Raubenheimer 2001a) . In many cases, diet shifts are associated with behavioural and morphological changes (Ward-Campbell & Beamish 2005) , as exemplified by the cichlid fishes that display high levels of morphological plasticity in relation to their feeding niches (Liem 1980 , Wimberger 1992 , Wagner et al. 2009 ).
Ontogenetic shifts in diet are common among animal populations that comprise a range of life stages (Werner & Gilliam 1984 , Olson 1996 , Muñoz & Ojeda 1998 , Ward-Campbell & Beamish 2005 . Changes in diet between size classes and life stages have been found to be common among fishes (Muñoz & Ojeda 1998) , including freshwater (e.g. Olson 1996 , Schleuter & Eckmann 2008 , estuarine (e.g. Eggold & Motta 1992 , St John 1999 , Jackson & Rundle 2008 and reef (e.g. Avise & Shapiro 1986 , Wells et al. 2008 ) species. It is thought that these shifts are a survival strategy when resources are limiting (Werner & Gilliam 1984) , reducing the effects of intraspecific competition (WardCampbell & Beamish 2005) . If so, it is likely that such a strategy is important for fish species colonising isolated habitat patches such as artificial reef structures, where multiple life stages will typically coexist.
We examined feeding of Pseudanthias rubrizonatus among a series of small isolated artificial reefs off north-western Australia. The use of artificial reefs is becoming an increasingly popular management tool to improve fisheries and restore degraded habitats (Miller 2002 , Santos & Monteiro 2007 . Artificial reefs increase habitat availability and complexity, boosting local-scale diversity (Wilding & Sayer 2002) . Both current and abandoned petroleum industry infrastructure provides isolated artificial reef structures, such as pipelines, seafloor completions, wellheads (Caselle et al. 2002) and entire platforms at a range of depths. In California (USA), many of these structures harbour high abundances of fishery-depleted species (Love et al. 1999 , Caselle et al. 2002 , Love & York 2005 , and may exhibit different assemblage attributes to natural reefs (Wolfson et al. 1979) .
Pseudanthias rubrizonatus grows to 120 mm total length (TL) and is a resident species on the North-West Shelf of Australia. P. rubrizonatus is a small fish commonly encountered on deeper offshore reefs in tropical habitats (Allen 1997) . The basic ecology of P. rubrizonatus is relatively undocumented, and like many members of the Serranidae, the genus is dimorphic and protogynous (Shapiro 1988 (Shapiro , 1990 . Populations of P. rubrizonatus on artificial structures in deeper water off north-western Australia change from females to males after approximately 50 mm standard length (SL; A. Fowler unpubl.), a size which will vary between populations due to social structure regardless of body size (Shapiro 1988) .
The feeding ecology of Pseudanthias rubrizonatus is undocumented. However, in common with other members of the genus, the species appears to be predominantly planktivorous (Shapiro & Genin 1993) . However, P. rubrizonatus is likely to be an opportunistic piscivore when larval or post-larval fishes are abundant within the plankton community. Many serranid reef fishes are known to be opportunistic predators, and those that are generally regarded as piscivorous prey on a range of benthic and pelagic species where available (e.g. Hood et al. 1994 ). Such opportunistic or generalist feeding strategies may provide fishes like P. rubrizonatus with the ability to colonise and survive in locations with limited and variable food resources.
A variety of forensic techniques are used to determine an animal's diet. Gut analysis provides information about the most recent prey consumed (Kolasinski et al. 2009 ), but does not reflect diet in the longer term.
Direct gut analysis can, in many cases, be logistically difficult (Vander Zanden et al. 1998 ) and lead to uncertainty when prey items are partially digested and difficult to identify (Kolasinski et al. 2009 ). In addition to contents, changes in the morphology of the alimentary canal, such as the ratio of gut length to size, can provide an indication of trophic position in fishes (Kapoor et al. 1976 , Clements & Choat 1993 , German & Horn 2006 , Wagner et al. 2009 ). Stable isotopes are widely used to investigate trophic interactions and assist in identifying energy flow (Post 2002 ) and dietary preferences (Webb et al. 1998) . The ratio of stable carbon ( 13 C/ 12 C) and nitrogen ( 15 N/ 14 N) isotopes in animal tissue can be used to trace food webs and detect differences in trophic position. In general, δ 13 C is reflective of the primary producers in the animal's food web (DeNiro & Epstein 1978) , with enrichment between trophic levels typically between 0 and 1 ‰ (Fry & Sherr 1984) . δ 15 N increases with trophic level in animal tissue (Cherel et al. 2005) . This stepwise enrichment of δ 15 N is generally 3 to 4 ‰ per trophic level (Minagawa & Wada 1984) , allowing the trophic position of the animal to be estimated (Wada et al. 1987 ) -with caveats.
The interpretation of stable isotope values in relation to an animal's trophic position should be made with care, as it is reliant on assumptions that are often not met, since animals assimilate nutrients at variable efficiencies, isotopes undergo fractionation within animal tissues, and nutrients may be allocated differentially to specific tissues (Gannes et al. 1997) . Isotope values of a given tissue are also dependent on turnover; tissues with fast turnover rates are more reflective of recent diet (Hobson 1999) . In tissues such as muscle with lower turnover rates, the isotopic composition generally integrates diet over longer periods, with the signal from early diet being lost to some degree due to turnover and catabolism (Hesslein et al. 1993) .
Despite the problems inherent in each of the aforementioned techniques for estimating an animal's diet, together they can provide insights into trophic interactions within food webs and dietary shifts within populations. We aimed to determine whether populations of Pseudanthias rubrizonatus living on artificial reefs on the North-West Shelf of Australia exhibit ontogenetic diet shifts using gut analysis and isotope analysis, to infer the feeding ecology of this poorly studied species.
MATERIALS AND METHODS
Study area and specimen collection. During the winter of 2008, specimens of Pseudanthias rubrizonatus (Randall 1983) were collected from communities that had colonised offshore sub-sea structures (artificial reefs). These were wellheads, i.e. structures con-sisting of a number of steel pipes and valves positioned on the surface of well holes at the completion of drilling. The wellheads were located in water at depths between 82 and 152 m on the North-West Shelf, in an area 110 to 135 km northwest of Karratha in Western Australia. These wellheads had been in place on the seafloor for up to 15 yr and consequently had developed into extensive artificial reefs with vertebrate fauna dominated by the study species. The collection sites included the Goodwyn, Echo, Yodel, Cossack and Wanaea fields (ranging from 19°33' 08" to 19°44' 40" S, and 115°43' 12" to 116°29' 50" E) .
Six wellheads, approximately 4 m high, 2 m wide and 2 m deep, were severed below the sea bed. Once severed, the wellheads were lifted from the sea floor, generally in 2 pieces, onto CV 'Havila Harmony'. During the retrieval, the high structural complexity of the wellhead coupled with the abundance of Pseudanthias rubrizonatus resulted in many fish becoming entrapped within the structures and allowed for the collection of fish ranging in size from 10 to 120 mm. Given that this covers the size range expected for this species, it seems likely that the samples reflect all post-larval stages.
Because the wellheads and any associated structures were removed in their entirety, opportunities for subsequent sampling were limited. However, at the Goodwyn location, the wellhead was removed over 2 d, the first piece on 18 July 2008 and the second adjacent piece a month later on 24 August 2008, providing 2 collections of the study species. Once on board the vessel, Pseudanthias rubrizonatus were collected from the wellheads, immediately frozen to -20°C and shipped frozen to the University of Sydney. All specimens were checked for correct identification, and morphometric measurements of the specimens were obtained. Digestive tracts (n = 393) were dissected from the anterior of the stomach to the anus and their lengths (gut length, GL) recorded to the nearest millimetre, taking care to minimise stretching (German & Horn 2006) . Some digestive tracts (n = 161) were stored in 10% formalin for later quantification of gut contents. A small amount of muscle tissue was taken from between the caudal and dorsal fin and stored at -20°C for stable isotope analysis (n = 214).
Otolith (earstone) aging of these specimens showed that the majority of juveniles (defined as fish less than 1 yr in age) were < 30 mm SL (A. Fowler unpubl. data). Because body colouring and gonad size can be used to distinguish sex, it was also possible to determine that the majority of females had changed sex to males by 60 mm SL at all locations (A. Fowler unpubl. data) . Therefore, we assumed that size provided an indication of ontogenetic stage and sex. The size classes used in this study covered the 3 major post-settlement life history stages: Small (< 30 mm: juveniles), Medium (30-60 mm: females) and Large (> 60 mm: males).
Gut content analysis. The stomach contents of the 3 size classes of Pseudanthias rubrizonatus were determined with the aid of an Olympus dissecting microscope at 40× magnification. Stomach contents were classified either as identifiable or unidentifiable material. The total mass of unidentifiable material was determined to the nearest 0.01 mg, whereas identifiable material was sorted into functional groups, blotted dry, counted and weighed, and the total mass for each prey type determined. Identifiable prey items were subsequently stored in 70% ethanol for stable isotope analysis.
Data on each prey type were converted to percent of total gut content weight for analysis, and used to derive indices of the assemblages of prey species that were identifiable within the guts. Only data from the Yodel, Goodwyn and Wanaea locations were used because there were insufficient data from other locations. A standardised index of relative importance (%IRI; Cortes 1997) was chosen to determine the importance of each prey item for each of the 3 size classes and locations, incorporating number (N), weight (W) and frequency of occurrence (F) per fish (Hyslop 1980) .
(1) These prey assemblage data were then binomial transformed and analysed with a principle coordinates analysis (PCO), to reduce the dimensions of the dataset and determine relationships between key variables (Jolliffe 2004) . To identify the reliability of the factors derived from the PCO in assigning a fish to a location or size class, discriminate analysis with jack-knifing was performed on the first 3 sets of principle component scores.
Digestive tract morphology. An analysis of covariance (ANCOVA) was performed with site as treatment, GL as the dependent variable and SL of fish as the covariate. Slope assumptions were tested by fitting the full ANCOVA model with an interaction term (Quinn & Keough 2002) . As a significant interaction was encountered and heterogeneous variances were found for the refitted model, Tukey's test for multiple comparisons of slope was used (Zar 1984) . This allowed for significance in differences in the ratio of GL to SL (slope) to be determined between locations.
Stable isotope analysis. Frozen muscle samples were freeze dried (Christ Epsilon 2-6D) to a constant mass, and then a small (approximately 1 mg) piece of muscle tissue was removed for measurements of δ 13 C and δ 15 N. For prey species found in the foreguts of Pseudanthias rubrizonatus, only whole relatively undigested specimens were used. For some small prey items, individuals were pooled to gain a sample mass of approximately 1 mg. Once freeze dried, whole samples of prey species were then homogenised. Prey items which contained calcium carbonate, such as heteropods, were washed in phosphoric acid to remove inorganic carbon. As prey items had been fixed in 10% formalin and preserved in 70% ethanol, samples were tested for the required correction by comparing isotope values for both frozen and preserved material. This analysis confirmed that δ 15 N required no correction, whereas δ 13 C samples required a +1.7 ‰ correction when preserved samples were used. The stable isotope analysis was performed at Washington State University. A Costech elemental analyser with a 0-blank autosampler that can routinely measure isotope values from samples as small as 0.1 mg was interfaced with an Isoprime isotope ratio mass spectrometer (IRMS) to determine isotope values (Yohannes et al. 2008) .
ANCOVA was employed to examine the changes in isotope signatures of δ 13 C and δ 15 N (dependent variables) as a function of SL of fish (covariate) and location (factor). The assumption of parallel slopes was tested by fitting the full ANCOVA model with an interaction term (Quinn & Keough 2002) and homogeneity of variance was tested using Levene's test. Where homogeneity of variances was not achieved and significant results were encountered, the null hypothesis was only rejected when p-values were found to be lower than the test for homogeneity of variance (Underwood 1981) .
RESULTS

Gut content analysis
Within a location, patterns in the proportion of distinguishable and undistinguishable material were similar between the 3 size classes, but differed between locations and sampling time (PCO, Fig. 1 ). Fish with gut contents that were most distinguishable, indicating they had recently eaten, were those of the first collection at the Goodwyn and Yodel sites. However, fish collected 1 mo later at Goodwyn (second collection) had mainly indistinguishable material within their guts. Medium and large fish from Wanaea had material in their guts of which half was distinguishable, suggesting they may not have eaten as recently as other fish. Owing to small sample sizes and many empty guts, patterns were difficult to interpret for the other locations and size classes.
Values of %IRI indicated that smaller zooplankton, such as heteropods, mysids and hyperiid amphipods, were key prey items for all sizes of Pseudanthias rubrizonatus. While not as regularly found in the guts of P.
rubrizonatus, large prey items such as larval bregmacerotids (Bregmacerotidae) were recorded in guts of large fish, especially at the shallower location (Wanaea). In contrast, at deeper locations (Yodel and Goodwyn), smaller prey items, such as benthic isopods, shrimp, pelagic mysids, heteropods and hyperiid amphipods, were more common in the gut than larger items such as larval fishes (Table 1) .
Comparisons of %IRI values across size classes indicated a tendency of both smaller and larger individuals to rely on small pelagic prey such as heteropods and mysids. However, much smaller prey such as hyperiid amphipods and copepods were important for fish in the small size class (Table 1) .
The diet of Pseudanthias rubrizonatus varied as a function of time and location but not size class (Table 2 , Fig. 2 ). PCO revealed that 63.7% of the total variance was accounted for in the first 3 components. The first component explained 36.3% of the variance, and the loadings for each factor revealed that heteropods (loading factor = 4.79) were negatively correlated with mysids B (loading factor = -0.97) and bregmacerotids (loading factor = -0.949). For the second component, which explained 18.2% of the variance, mysids B (loading factor = 2.99) and bregmacerotids (loading factor = 1.212) were strongly correlated with each other. For the third component, which explained 9.2% of the variance, hyperiid amphipods (loading factor = 1.819) were negatively correlated with tintinnia (loading factor = -1.169). A bi-coordinate plot of the load-214 Percent of guts ings for the first 2 components shows that heteropods and to a lesser extent copepods could be used to identify diets of fish sampled from the Goodwyn 1 location. In contrast, diets of fish from the Wanaea location could be identified by mysids B and to a lesser extent bregmacerotids. In order to test the reliability of the loadings in assigning a fish to its correct location, a discriminate analysis with jack-knifing was performed on the first 3 axes derived from the PCO. This analysis determined that, overall, 71% of fish could be assigned to a location based on the prey items in their guts. Most (91%) fish from the first sample of the Goodwyn location and 86% of fish from the Wanaea location could be reliably assigned to a location, while none from the Yodel and Echo locations, or the second sample of the Goodwyn location could be reliably assigned a location based on gut contents.
Re-analysis of the data using fish size classes (Small, Medium, Large) was performed, but location was found to be a better predictor of gut content than fish size. A bi-coordinate plot of the loadings for the first 2 factors shows that the prey items mysids B and bregmacerotids may be useful in distinguishing fish from the large size class (Fig. 2) . However, results of the discriminate analysis with jack-knifing found the data to be much less reliable, and only 44% of the total num- ber of fish could be assigned to the correct size class (Small: 44%; Medium: 32%; Large: 57%).
Digestive tract allometry
The GL of Pseudanthias rubrizonatus increased linearly with SL at all locations. The slope (b) of this relationship displayed a gradient between 1 and 1.4 at each location (Fig. 3) . The multiple comparisons of gradients from the regressions at each location using a Tukey's test revealed that fish from Wanaea (b = 1.411) had a significantly steeper slope compared to fish from all other locations. Samples from Echo (b = 1.005) had a significantly lower ratio of increase than those from Goodwyn (b = 1.1), Yodel (b = 1.061) and Cossack (b = 1.114) sites, which did not differ from each other (Table 3) .
Stable isotope analysis
Stable isotope signatures of Pseudanthias rubrizonatus δ 13 C and δ 15 N values for P. rubrizonatus muscle tissue became more enriched with fish size regardless of location (Fig. 4 ). An examination of δ 13 C and δ 15 N as a function of fish length suggested changes in diet for P. rubrizonatus as size increased (Fig. 5 ). An ANCOVA was performed with a covariate by factor interaction term fitted to the model (Intercept + Location + SL + Location × SL), to test for differences in slope. A significant interaction term was encountered for both the δ 13 C (Table 4A ) and δ 15 N (Table 5A) values. Inspection of the data (Fig. 4) suggested that a single location, Yodel, was driving the interaction effect. Unlike all other locations, δ 13 C and δ 15 N values did not change with increasing fish size (Fig. 5 ). Fish at Yodel < 40 mm SL had much higher signatures for both δ 13 C and δ 15 N isotopes than small fish at other locations (Fig. 4) . The ANCOVA, with the above fitted interaction model, was then performed with the Yodel location removed from that dataset, and the significant covariate by factor interaction terms for both δ 13 C (Table 4B ) and δ 15 N (Table 5B) disappeared. Because the significant interaction terms were removed, an ANCOVA with a standard model testing the main effect was performed for both δ 13 C and δ 15 N. Subsequent results indicated that the covariate of SL was significant for both δ 13 C (Table 4C ) and δ 15 N (Table 5C) , while there were no significant differences between locations for both δ 13 C and δ 15 N. Another ANCOVA was performed to determine if the smaller fish at Yodel were responsible for the original significant interaction. The interaction term (Location × Fish Length) was fitted to the model and the ANCOVA was performed, but with the Yodel fish < 40 mm removed from the dataset. This again removed the significant interaction term for both δ 13 C (Table 4D ) and δ 15 N (Table 5D ) isotopes, indicating that the small fish at the Yodel location were responsible for the significant interaction.
The form of the isotopic shift with size could be visualised by using thin-plate splines to fit a response surface for fish length onto a bi-coordinate plot of δ (Fig. 6 ). Tissue δ 13 C and δ 15 N became more enriched as the SL of the fish increased, but the ratio of δ 13 C and δ 15 N in the tissue did not change (Fig. 6) . The contours of the spline surface indicated that the shift in isotopic enrichment occurred most rapidly between the sizes of 35 and 50 mm.
Stable isotope signatures of prey items
The stable isotope signatures for the prey items analysed were well separated from each other in terms of δ 13 C and δ 15 N (Fig. 4) . Mysids B and bregmacerotids were similarly depleted in δ 13 C and δ 15 N, whereas heteropods were the most enriched. Signatures for δ 15 N for all 3 prey items analysed indicate they were approximately 3 to 4 ‰ less enriched than the majority of their fish predators (Fig. 4) .
DISCUSSION
We have demonstrated that populations of Pseudanthias rubrizonatus on the North-West Shelf display attributes of an opportunistic predatory fish species, and are able to utilise a range of available resources. We have also presented evidence of a diet shift in P. rubrizonatus as fish size increases. Shifting diet may be an essential strategy for species in isolated populations, such as those on artificial reefs in deeper water that rely on limited and variable resources. Gut analysis indicated that food resources may be both spatially and temporally variable for these fish populations. Stable isotope analysis suggested that multiple populations of P. rubrizonatus display similar trends of isotopic enrichment throughout ontogeny. Additional symbols indicate isotopic signatures for prey items from the guts of the fish (mysids B: n = 6, bregmacerotids: n = 8, heteropods: n = 7). Symbols for P. rubrizonatus size classes as in Fig. 2 trophic interactions (Clarke et al. 2005 , Paradis et al. 2008 , Wells et al. 2008 , Quevedo et al. 2009 ). In the present study, gut analysis provided a description of recently ingested prey items, and the stable isotope analysis quantified diet integrated over longer periods of time. The isotopic composition of an animal reflects recent and past diet. The degree to which past diet is represented depends on tissue turnover, which may be affected by high growth rates (Perga & Gerdeaux 2005) . Based on otolith analysis, growth rates for these specimens were determined to range from approximately 10 to 20 mm SL yr -1 (A. Fowler unpubl. data), indicating that the isotopic signatures reported reflect long-term diet and are not confounded by excessive rates of growth (Hesslein et al. 1993) . Regardless of growth rate, a change in isotope composition in older specimens is indicative of a dietary shift.
The rate of increase in GL as a proportion of SL was approximately 1.1, well within the range of carnivorous species (0.6 to 2.4; Horn 1989) . These values were similar at all locations, with the exception of one of the shallower locations (Wanaea). Fish at Wanaea had a proportion of GL to SL of 1.4, suggesting that the diet of these fish was of different quality than those of other populations. Closer inspection of the data revealed that this high slope was driven by disproportionately long GLs amongst the larger fish at the Wanaea site (Fig. 3) . Increasing GL can reflect herbivory and decreased diet quality in fishes (Clements & Choat 1993) , and may also indicate a lower trophic position (Wagner et al. 2009 ) and proteindeficient food resources (German & Horn 2006) for carnivorous species, but there was no indication of such a trophic shift from our stable isotope data (Fig. 5) .
Zooplankton, such as small mysids and heteropods, were evidently important prey items to these populations; however, Pseudanthias rubrizonatus also utilised benthic resources, such as amphipods and isopods, especially at some of the deeper locations. The range in diversity of prey items found in the stomachs indicates that P. rubrizonatus are opportunistic feeders. Such strategies are common amongst fishes, including coral trout Plectropomus leopardus (Samoilys 1997) , three-spined stickleback Gasterosteus aculeatus (Gill & Hart 1999) , blacktail comber Serranus atricauda (Morato et al. 2000) , deeper species of grenadier Macrourus carinatus and M. holotrachys (Laptikhovsky 2005) , and painted greenling Oxylebius pictus, which eats exotic amphipod species on artificial structures such as oil platforms (Page et al. 2007 ). Opportunistic feeding strategies are essential to take advantage of temporal influxes of pelagic prey items, especially within resource-deprived communities (Wiens 1993) .
As Pseudanthias rubrizonatus became larger, they shifted their diet from smaller prey items such as mysids and heteropods to larger prey, including small or larval fishes. Similar ontogenetic shifts in prey size have been observed in Plectropomus leopardus (Kingsford 1992 , St John 1999 and Serranus atricauda (Morato et al. 2000) . A shift towards eating larger prey may occur simply because larger fishes may be physically able to eat larger prey (Scharf et al. 2000) , but such ontogenetic diet shifts may also indicate a change in nutritional requirements with development. Numerous studies have shown that fishes have the ability to select food based on their nutritional requirements andthe nutritional quality of the food items available (Duffy & Paul 1992 , Sanchez-Vazquez et al. 1999 , Simpson & Raubenheimer 2001a ,b, Raubenheimer et al. 2005 , Rubio et al. 2006 . As Pseudanthias rubrizonatus grow larger they display more enriched content of both δ 13 C and δ 15 N. Since enriched δ 15 N values suggest that the trophic position of these fish is higher (Wada et al. 1987) , this would indicate that larger fish are at a higher trophic position than smaller fish. The only site where this did not occur was Yodel (Fig. 5) , for unknown reasons. δ 13 C values ranged from -19.7 ‰ for the smaller fish to -16.2‰ for larger fish. The most likely source of primary productivity in the offshore environment is phytoplankton, the δ 13 C of which can range from -24 to -18 ‰ (Fry & Sherr 1984) . However, variability in phytoplankton δ
13
C is strongly correlated with latitude south of the equator, becoming more enriched in warmer equatorial waters (Rau et al. 1982) . There is a dearth of data regarding the biological oceanography of the North-West Shelf of Australia, but in the central Indian Ocean, mean δ 13 C ranged from -20.6 to -19.2 ‰ between similar latitudes (10 to 28°S) (Fontugne & Duplessy 1978) . The δ 13 C of mysids B indicates that their carbon source is most likely off-shore phytoplankton. However, the enrichment of the carbon signature with increasing fish size is indicative of more enriched carbon sources in the diet. Sources of carbon enrichment could include phytoplankton from higher latitudes (Rau et al. 1982) , consumers at higher trophic levels, or enriched inshore resources such as seagrass and macroalgae (Fry & Sherr 1984) . However, access to inshore resources would require connectivity, e.g. through a planktonic species as discussed below. Conclusions drawn from prey items taken from the guts should be interpreted with care. Changes in isotopic signatures due to assimilation during the digestive process were assumed to be small, but remain unproven. With this caveat in mind, analysis of isotope signatures from the 3 common prey items found in the guts indicated that the δ 13 C content of Pseudanthias rubrizonatus most resembled the signature of the larval bregmacerotids. The similar δ 13 C content suggests that bregmacerotids are more often ecological competitors rather than prey for smaller individuals of P. rubrizonatus. The isotopic signatures of mysids B place these animals 1 trophic position below P. rubrizonatus (Fig. 4) be the trophic link between the fishes and offshore phytoplankton resources. Isotope signatures of heteropods were the most different from the δ 13 C content of P. rubrizonatus, and we suggest that heteropods are not a common food source for P. rubrizonatus. δ 13 C content in heteropods indicates that these animals rely on enriched near-shore resources such as seagrass and algae (Fry & Sherr 1984) , implying trophic connectivity between near-shore resources and offshore communities. However, enriched offshore resources are plausible, as recent research has discovered the potential of some deeper water communities to support primary production, such as the deep-water Galapagos kelp forests (Graham et al. 2007 ). We recommend further investigation of trophic connectivity of planktonic communities between offshore and near-shore waters in this region. Investigations utilising fatty acid analysis could also identify links between species of interest and primary producers (Iverson et al. 2004) .
Changes in stable isotope signatures indicated that all locations showed similar patterns in ontogenetic change for both δ 13 C and δ 15 N. As fish body lengths increased, both their δ 13 C and δ 15 N became enriched, similar to other fish species such as smallmouth bass Micropterus dolomieu (Centrarchidae) (Vander Zanden et al. 1998 ). De Brabandere et al. (2009 used another isotope, δ 13 S, to show ontogenetic diet shifts in gizzard shad Dorosoma cepedianum (Clupeidae). A closer inspection of the body length data for our fish indicated that the change in isotope signatures was greatest in fish between 30 and 50 mm SL. Otolith analysis indicated that this length range represented the transition from juvenile to adult stages (A. Fowler unpubl. data). In contrast, yellowstripe goatfish Mulloidichthys flavolineatus (Mullidae) displayed shifts in δ 13 C signatures between the juvenile and young adult stage, while trophic position (δ 15 N) did not change greatly until the adult stage (Kolasinski et al. 2009 ). The pattern of the small fish in our study displaying lower stable isotope values for both δ 13 C and δ 15 N was evident at all locations with the exception of Yodel. It was clear at Yodel that the smaller fish were higher in δ 15 N (hence, presumably higher in trophic position) but not in δ 13 C compared to the smaller fish at all other sites. Perhaps food resources were more limited at Yodel than at the other locations, forcing smaller fish to utilise similar resources to the larger fish. However, further investigation of resources at these locations is required to determine the reason for the observed differences at Yodel.
In marine ecosystems, the assemblage of prey items may vary temporally (Benoit-Bird & Au 2003 , Estes et al. 2003 , Takeuchi et al. 2006 ). This level of variation would be expected to increase for opportunistic species such as Pseudanthias rubrizonatus (Möller & Rosenberg 1982) . The results show that the 2 samplings at the Goodwyn location contained different prey assemblages, indicating that for P. rubrizonatus, the interpretation of results is limited and conclusions regarding temporal patterns cannot be made by gut analysis alone unless the same population can be re-sampled on numerous occasions. Unfortunately for these populations, like many other rare and inaccessible species, this was not possible.
In conclusion, these results show that the reef fish Pseudanthias rubrizonatus predominantly feeds upon resources within the water column, but will opportunistically exploit other resources, including benthic and pelagic prey items. Pelagic prey items may provide important links in the food web between the reef fishes on these isolated structures and primary production sources. Additionally, the results show that this species undergoes an ontogenetic diet shift after about 1 yr of age. We show that the approach of combining gut content with stable isotope analysis allows partial access to the nutritional ecology and trophic interactions of inaccessible species such as P. rubrizonatus. 
